Al/C composites, with microstructures controlled by the natural bio-structures (wood templates), were successfully fabricated by infiltrating the melted Al alloy into the carbon preform, which was pyrolyzed from the wood. The microstructures and the mechanical properties of the obtained composites were researched. The results indicated that the wood templates could have the vital influences on the microstructures of the Al/C composites. Moreover, the Al/C composites exhibited a higher strength than the carbon preform, and their mechanical properties were anisotropic.
Introduction
Materials synthesis using biological structures as templates has recently attracted the particular interest. [1] [2] [3] In comparison with artificial synthetic materials, natural materials exhibit a hierarchically built anatomy, which is developed and optimized in a long-term evolution process. Moreover, these materials are considerably cheap, abundant, renewable, and environmentally conscious.
People usually control the structures of metal composites by artificial fabrications. Through these processes, we can determine the diameter of fibers, the shape and the size of the granules, the distribution of the components in composites, and so on. However, the way to fabricate materials with desired and delicate microstructures is still not so plain and easy for us. Wood, after hundreds of millions years of heredity and evolution, possess the rational and graceful microstructures, which cannot be obtained through manpower. It can be looked as a natural composite material with a hierarchical architecture, where cellulose, hemicellulose and lignin form cellular microstructures. 4) For wood structures, there are a large number of pipes made up of cells lying along the direction of the tree stem. Through these pipestructures water and mineral elements can be sent to every part of trees. Moreover, it should be noted that a huge tree is capable of standing up in the wind on its thin stem for hundreds of years is owing to the combination of high strength, modulus and stiffness. [5] [6] [7] [8] These outstanding mechanical properties of the tree can be attributed to its rational structures, which give us an elicitation of manufacturing metal composites.
In this work, we developed a method to manufacture the composite with microstructures controlled by the natural structures of the wood, and have manufactured the Al/C composites through infiltrating the liquid metal into the carbon perform derived from wood templates.
Experimental Procedure

Preparation Methods
Fraxius mandshurica, maple and pine were selected as the templates for manufacturing the Al/C composites. The wood was pyrolyzed into the carbon perform (C-preform) at 1400 C for 2 hours in a vacuum furnace. Al alloy (3.8 mass% Cu, 1.3 mass% Si, 0.5 mass% Mn, balance Al) was infiltrated into the C-preform to manufacture Al/C composites in a vacuum high-pressure infiltration furnace. The processing parameters for the technique were: melt temperature of Al alloy 730 C, perform temperature of C-preform 720 C, and infiltration pressure 8.5 MPa.
Characterization
Scan electron microscopy (SEM, S-520, Hitachi, Japan) was used to observed the microstructures of the C-preform and Al/C composites. Compression and bending tests were performed using the material test system model MTS 810. Compression test specimens of 10 Â 8 Â 8 mm 3 were cut from the materials. Compression loads along two different directions were applied, one parallel to the wood axis and the other parallel to the radius. Compression strength was detected with a constant loading speed of 0.5 mm/min. The size of the three point bending specimens was 50 Â 8 Â 8 mm 3 . The span distance was 30 mm. The bending loads were parallel to the wood axis. The bending strength was measured with the loading speed of 0.5 mm/min.
Results and Discussion
SEM images of C-preform derived from fraxius mandshurica and pine are shown in Figs. 1(a) and (c), respectively. The cross-section is perpendicular to the axis of the wood. After being heated in a high temperature, mixed biopolymers in the wood can be decomposed into carbon and some gas, and the wood will then turn into the C-preform. [9] [10] [11] [12] [13] However, the pipe-structures of the wood will not be damaged and will still be retained in the C-preform perfectly. Figures 1(b) and (d) show the SEM images of the Al/C composites after infiltrating Al alloy into the C-preform. The * Corresponding author, E-mail address: zhangdi@sjtu.edu.cn hollow pipes in the C-preform are filled with Al alloy. It is shown in these photos that Al/C composites perfectly retain the microstructures of their natural counterparts. Moreover, the shape, the size and the distribution of Al alloy in the composites are controlled by the nature pipe-structure.
Moreover, since there lie plenty of pipes in the templates, liquid Al alloy can flow into the pipes at high temperature and the fibers can be formed after it solidifies. Metal fibers can then be separated from composites after the carbon around them have been removed. The shapes of fibers in the template are shown in Fig. 2 . The shape and size of the fibers are the same as those of pipes. The individual fiber is comparable in length and in diameter, with the nice continuity. Table 1 shows the properties of materials. The densities of the composites are lower than that of Al (2:8 Â 10 3 kg/m 3 ).
Volume content of Al in the composites can been calculated according to the following law:
Where C , char and Al represent the density of the Al/C composite, the C-preform, and the Al alloy, respectively. V Al represents the volume content of the Al alloy in the composites. It should be noticed that char is the bulk density of the C-preform, so it need not multiplied the volume content of the C-preform. Figure 3 shows some mechanical properties of the Al/C composites and C-preform. Bending and compression strength of the composites are much higher than those of the C-preform. It is supposed that the excellent mechanical properties of the Al/C composite are related to the Al fibers preventing crack propagation. The brittle C-preform matrix in the composite was the relatively weak proportion compared to the Al fibers, so cracks began in the C-preform and would propagate to the whole section rapidly if there were no Al fibers. It is the Al fibers that prevented the crack propagation efficiently so that the composite had not fractured immediately when the cracks emerged. In wood, much of the pipes lie along the wood axis and only a few pipes are parallel to the radius. So most of the fibers in the composite are parallel to the axis, which leads to the anisotropy in the compression strength of the composites. The superior strength of the Al/C composite also has something to do with the residual stress of compression in the C-preform. Due to the vastly different thermal expansion coefficients of the C-preform and Al alloy, it is expected that high residual stresses were formed during processing as the sample was cooled following metal infiltration. Residual stresses of compression in the C-preform and tension in Al alloy will be introduced. Compression stresses in the Cpreform are supposed to raise the stress effectively for fracture initiation, and hence hinder microcrack initiation.
14)
The C-preform derived from wood is an old material and has been used as fuel for many years. Recently, it has been found that C-preform is also a new type material with favorable characteristics, such as low coefficient of thermal expansion, high damping capacity and stable coefficient of friction, high electric conductivity and self-lubricity, and can be used in many fields. 15) But the mechanical properties of the C-preform are not as good as its properties above. 4) It is not applicable in the place where high loading is exerted. Undoubtedly, the adding of the metal fibers can overcome its shortcoming.
On the earth exist hundreds of millions kinds of wood with the pipe-structure. Different kinds of wood, however, may show a wide range of the shape, size and distribution of the pipe-structure. For example, the pipes in the softwood almost exhibit rectangle, but in the broad-leaved wood plenty of elliptical, triangular, hexagonal and other polygonal pipes are involved. The sizes of the pipes in the softwood range usually between 0.5-10 mm, but in the broad-leaved wood between 0.5-200 mm. These characters of the pipe-structure can influence on mechanical properties of the composites as well as the properties of trees. It is a complex process that needs more experiments to analyze it.
Conclusions
Wood is a natural material with delicate and beautiful microstructures. Based on its unique intrinsic structure, the Al/C composites were obtained through infiltrating Al alloy into the carbon perform, which was derived from wood. Al alloy liquid could flow into the pipes of the preform and thus formed fibers after it solidified. The shape, size and the distribution of the components in these composites are controlled by the natural structure of wood. Because of the reinforcement of Al fibers, the mechanical properties of the C-preform are improved greatly. The properties of the Al/C composites show anisotropic since the Al fibers are arranged with orientation by the pipes in the templates. It is expected that the method of producing the composites based on the wood templates can provide a new idea for the composites design and fabrication. 
